The bovine hypophysis serves as an excellent model for studying salient
Although recent reports show a renewed interest in the hypophyseal intermediate lobe (ROMIEU et al., 1951; ARVY and DU BOISSON, 1961; BALOGH and COHEN, 1962; PEARSE and VAN NOORDEN, 1963; HOWE and THODY, 1967; RAFTERY, 1969; GOSBEE et al., 1970) none present a critical study in a large series of normal animals, relative to the more salient microscopic and gross anatomical features which give some indication of intermediate lobe activity.
Relevant literature presents two anatomical factors which strongly suggest a direct bearing on intermediate lobe activity. First, a well established event reported by earlier workers (LEWIS et al., 1911; RASMUSSEN, 1928; BRANDER, 1931) is the production of intraglandular (residual lumen) colloid, a feature common to all pituitary glands exhibiting three lobes. Even in this light, reports on experimental studies utilizing hypertonic saline to initiate intermediate lobe activity (SELYE, 1943; DUCHEN, 1962; SOBOLEVA, 1964; KASTIN, 1967; HOWE and THODY, 1967) present different interpretations of the origin and significance of intraglandular colloid. Second, BRANDER'S (1931) unconfirmed studies on the hypophysis in the human subject in which he recognized intraglandular colloid, suggests that the colloid finds its way into the "peri-hypophyseal blood space" by way of "breaches" in the capsule of the hypophysis. Indeed, BRANDER recognized this as a "novel physiological concept" and if confirmed "may modify our interpretation of the physiological, biochemical, clinical and pathological" understanding of the gland. The present investigation began 6 years ago as a comparative anatomical study of the pituitary gland in the human subject, monkey, rat, dog, cat, rabbit and cow.
Owing to its large size, the bovine hypophysis is utilized as a model. The bovine hypophysis clearly demonstrates salient anatomical features common to all the glands studied.
This paper makes specific reference to the origin and production of intraglandular colloid, the development of the intraglandular lumen and the passage of colloid from the intraglandular lumen to the venous cavernous sinuses by way of well defined clefts in the capsule of the gland. Thus the objectives of this report is to direct attention to features which are less readily understood, and have not been recognized, heretofore, as those having a direct bearing on intermediate lobe activity.
Material and Methods
The bovine hypophysis from 1100 two year old steers and heifers were studied. The glands were collected within 10 to 20min after slaughter, fixed in either Bouin's solution or 10% formalin, and prepared in the usual manner for microscopic examina- 
Results
The bovine hypophyseal intermediate lobe is an "S" shaped structure ( Fig. 1 ) abutting the posterior lobe and sending "finger-like" projections for variable distances into its substance. The lower and caudal pole of the intermediate lobe completely encapsulates the lower one half of the posterior lobe, while the upper and rostral pole forms the floor of a well-developed recess below the diaphragma sella. The arachnoid membrane fills the recess and under the light microscope, the membrane appears to continue into the tissue of the intermediate lobe ( Fig. 1 ) with no intervening limiting membrane.
Hollowed out cords of intermediate lobe cells, some filled with a colloid-like mass, are prevalent in this region. The intermediate lobe is separated from the caudal border of the anterior lobe by a potential space (Fig. 2) Concerning the cyclic or periodic activity of the bovine intermediate lobe, the present study establishes the fact that there is no associated seasonal variation for the glands were collected from the slaughter house throughout the year and evidence of the cyclic nature of the intermediate lobe could always be demonstrated.
Usually 10-12 glands were studied at one time.
The cyclic behavior of the lobe is indeed a unique feature. In general, the basis for this behavior can be found in the following events.
Microscopically when the intermediate lobe is in direct contact with the anterior lobe, the cells are darkly stained, no mitotic figures are observable and the lobe is fairly well vascularized. The microscopic picture changes when autolysis and desqaumation of intermediate lobe cells heralds the development of an intraglandular lumen. The intermediate lobe can be divided into a marginal zone of large, lightly stained cells filled with cytoplasmic vacuoles while the deep layer of darkly stained cells undergo direct division.
In the present study, the marginal zone of the intermediate lobe is the Within the intraglan-dul ar lumen the cell continues to swell. it becomes highly vacuolated and granular in appearance. The nucleus may be in various forms of structural disintegration. Fig. 1 ) are more loosely arranged for they are interrupted by a continuation of the arachnoid into the gland (Fig. 6) (Fig. 8, 9 The most dramatic changes in desquamated cells occur within the newly develwhile the cytoplasmic vacuoles coalesce and thus increase in their diameter. Due to internal pressure the cytoplasmic vacuoles break through the cell membrane ( Fig. 11) and are expelled into the intraglandular lumen. As this process continues, the breakdown of cellular materials within the lumen leads to the formation of a colloid-like substance in the form of a light yellow gell. All that remains of desquamated intermediate lobe cells is its nucleus embedded within the newly formed colloid (Fig. 13 ). The nucleus later disintegrates.
The intermediate lobe re-establishes itself by means of the direct division of its In a condition such as this, the intraglandular lumen is engorged with colloid and the lumen opens directly at the capsular cleft.
Note the pouting of the anterior and intermediate lobe remaining cells (Fig. 14) , the third phase of the cycle. Cellular division is accomplished by a separation of the nucleus into two segments (Fig. 15) . As the segments move away from one another, the cell elongates ( Fig. 16-19) . Cleavage of the cell ensues; each daughter cell gaining a portion of the original nucleus. An organotypic culture of small aggregates of intermediate lobe tissue in a balanced media (CMRL-H-597, Connaught Medical Research Laboratories, Toronto, Canada) demonstrates direct cellular division (Fig. 20) . Re-establishing the intermediate lobe has three major effects. First, it prepares the lobe for the onset of the next cycle; second, there is a renewal of a potential space between the lobes, and third, vascular connections are re-established between the anterior and intermediate lobe.
With the re-establishment of the intermediate lobe, the contents of the intraglandular lumen are pushed into the venous cavernous sinuses by way of well defined capsular clefts (Fig. 21-23 ). Capsular clefts are directly aligned with the intraglandular lumen and pass through the lower lateral and basal portion of the interglandular sulcus, a superficial landmark in the capsule between the anterior and the intermediate lobe.
The clefts are easily located with a hand lens and differ from capsular clefts draining venous blood into the cavernous sinuses not only because of their location and size, but because they are not guarded at their exit by a valve-like flap formed by the capsular dura.
Even though the lumen may not be completely filled with colloid, slight pressure on the gland will help to expell the contents of the lumen into the cavernous sinus (Fig. 21) . Under these conditions, the colloid is pushed between the anterior and the intermediate lobe towards a capsular cleft (Fig. 22) . When the intraglandular lumen is engorged with colloid, the lumen opens directly upon the capsule (Fig. 23,  24) , and the colloid has free access to the venous circulation of the cavernous sinuses by way of capsular clefts.
Discussion
Although the intermediate lobe in the human subject as well as in several experimental animals were studied, that in the cow exemplifies the more salient anatomical features directly associated with intermediate lobe activity and common to all hypophyseal glands in which three lobes can be distinguished.
Important enough to consider briefly, is the relationship between the intermediate lobe and the subarachnoid space observed in the present study. This feature is readily demonstrable in bovine, but less so in the other glands studied. It is interesting that similar intermediate lobe tubules under a variety of names have been recognized by earlier workers (CUSHING and GOETSH, 1910; VANDERBURGH, 1917; LEWIS and LEE, 1927; RASMUSSEN, 1928) who associate these structures with either the posterior lobe or the intermediate lobe.
The lengthy discussion as to the existence or non-existence of the remains of Rathke's pouch (RASMUSSEN, 1928; SELYE, 1943) will not be made an issue here. The heretofore unrecognized cyclic behavior of the intermediate lobe has led to the confusion. There is, indeed, in all of the glands studied, a potential space between the anterior and the intermediate lobe which could very well be the remains of Rathke's pouch. This space is an all inportant feature, for it plays an essential role in intermediate lobe activity.
During the resting phase of the intermediate lobe, the anterior and intermediate lobe are closely opposed and the only suggestion of a potential space is the characteristics of the cells lining the opposing walls. The rostral wall of the space, that is, the caudual border of the anterior lobe, is lined by one or two layers of cuboidal to columnar type cells resting on a basement membrane.
The caudal wall of the space is lined by intermediate lobe cells.
Most investigators report that the intermediate lobe is virtually avascular (VANDERBURGH, 1917; KUROSUMI et al., 1961; HOWE and MAXWELL, 1966) and the source of its nutritive supply is not clear. DANIEL and PRICHARD (1956) reported that the blood supply of the intermediate lobe is derived from the short portal vessels of the posterior lobe. This is, indeed, partially true. Understanding the vasculature of the intermediate lobe depends upon knowledge of its cyclic behavior and the formation of the intraglandular lumen. Basically, the vasculature of the three lobes are interconnected when the gland is in the resting phase and the anterior and intermediate lobe are in direct contact. It is interesting that vascular buds from the intermediate lobe grow into the anterior lobe during this phase thus affording a complete circulation through the gland.
Indeed, mitosis of vascular endothelial cells occur. In this regard, it is interesting that DUCHEN (1962) recognized mitosis among endothelial cells of vessel walls in the posterior lobe of the hypophyses in the rat.
With the development of the colloid filled intraglandular lumen, the vascular connections between the anterior and intermediate lobe are severed. Some proof of this temporary breakdown of blood vessels is that blood cells may be found in the intraglandular colloid, an observation also reported by JUBB and MCENTEE (1955) During this period, the intermediate lobe is dependent solely upon the posterior lobe for its blood supply. Although this temporary supply is apparently sufficient, the lobe, nonetheless, appears rather avascular.
This condition is releaved when the intermediate lobe is re-established and the vascular relationship between the anterior, intermediate and posterior lobe is renewed.
The present study demonstrates that the cyclic behavior of the intermediate lobe, at least in bovine, involves the function of a single cell. This finding is not in keeping with relevant literature (ROMEIS, 1940 , KUROSUMI et al., 1961 DUCHEN, 1962; HOWE and MAXWELL, 1966; THODY, 1967, 1969a, b; RAFTERY, 1969) (BRYANT, 1916; VANDERBURGH, 1917; RASMUSSEN, 1928; KUROSUMI et al., 1961) an observation that could not be confirmed in either the present study or those made by TRAUTMAN (1909) on a large series of animals.
Since studies of the general anatomy of the intermediate lobe produced only a limited amount of information regarding its activity, investigators (SELYE, 1943; DUCHEN, 1962; LEGAIT and LEGAIT, 1963; ZIEGLER, 1963; SOBOLEVA, 1964) Althogh most investigators agree that intraglandular colloid is of intermediate lobe origin (CROWE et al., 1910; VANDERBURGH, 1917; RASMUSSEN, 1928; KUROSUMI et al., 1961 and others) , none describe the drainage of the colloid from the intraglandular space. BRANDER (1932) credits HALLER (1808) with the suggestion that the intraglandular space opens into the cranial venous sinuses, but it was BRANDER Who first noticed a "gap" in the capsule of the human hypophysis leading into a channel which terminates in relation to the lower extremity of the intraglandular lumen. BRANDER recognized intraglandular colloid in the lumen of the human hypophysis and stated, "that the passage of colloid by a duct directly into the blood stream introduces a novel physiological concept." Indeed, the present study confirms BRANDER's early observations and now attention can be directed towards the effect of intraglandular materials in the circulation. As early as 1927, LEWIS and LEE reported that intermediate lobe colloid of the intraglandular lumen was active only when there was desquamation or autolysis of intermediate lobe cells in the colloid. The result of this activity was a pressor effect. Since the investigations by ATWELL (1919), HOGBEN and WINTON (1922) and SMITH and SMITH (1923) , the intermediate lobe has been associated with the melanocyte stimulating hormone.
Studies by KRIVOY and GUILLEMIN (1961) show a neurohumoral action of MSH, while recent studies by BOYD (1970a, b, c, d; 1971) show that its cyclic behavior is associated with erythropoiesis.
In addition, a functional relationship between the intermediate lobe and ACTH has been reported by GOSBEE et al. (1970) .
Although reported previously in other expermental animals (ENEMAR and FLACK., 1965; ITURRIZA and MESTORINO, 1965; SALAND, 1967) , the relationship between the bovine intermediate lobe and the hypothalamus warrants a separate paper. Suffice to say at present that nerve endings ramifying amongst intermediate lobe cells in the caudal 1/2 of the intermediate lobe have been traced to the hypothalamus (unpublished data). Indeed, this information strongly suggests that intermediate lobe activity may be initiated and controlled by the hypothalamus by a feedback mechanism similar to that proposed by MORLEY and STOHLMAN (1969) .
As the present investigation of the intermediate lobe progresses, there are strong indications that cellular changes involve a broad spectrum of intricate controlling mechanisms not inherent in the cell per se. When the mechanisms are challenged, they direct their activity towards large groups of cells which either die, or proliferate and differentiate along lines beneficial or lines injurious to bodily function Investigating these mechaniasms form the basis for future cellular studies.
